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Dear Joe and Irwin:

In re.POnse to Mr. Wiley's August 21 letter, Zenith and
AT&T hereby submit to the Technical Subgroup of the Special
Panel a description of improvements in the DSC-HDTV system
that we would like to have considered by the Special Panel
and the Advisory Committe.. Our description includes
improvement. already implemented which could be tested now,
improvements currently under way which could be included in
field testing early next year, and additional improvements
that could be made in the future. We also describe our
method for incorporating the ATSC T3/186 audio and ancillary
data features into our system, as Mr. Wiley'. letter
requests.

The attached document gives a complete and detailed
technical description of the ~rovements and the expected
effect of these changes on all performance parameters of the
system. All of the modifications represent improvements in
the implementation of the system .s certified by SS-WP1, and
do not constitute substantial changes to the certified
system.

At this stage in the development of state-of-the-art
digital video compression technology, the implementation of
prototyPe equipment is subject to ongoing, virtually
continuous improvement. With the move to all-digital
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systema occuring just two to three years ago, it should not
be surprising that a series of relatively modest adjustments
and modifications could result in significant improvements
in system performance during the months since ATTC testing
began for the various all-digital systama.

In the case of the DSC-RDTV system, this expected
progression of improvements bas been more pronounced because
of difficulties and delays encountered in the development of
the prototype equipment prior to entry into the test center.
These difficulties kept the zenith/AT&T team from fully
meeting its internal schedules for integrating, testing and
tuning the prototype system. As a result, we were unable to
do the planned and necessary axtensive tuning and opttmizing
of the total system before we had to move into the test
center. At the time, we felt it was mandatory to enter the
test center on schedule, and we did not seek any delay in
which to complete system integration testing to our
satisfaction.

In spite of our failure to complete such tuning and
testing prior to entering the ATTC, our system performed
very well in most respects. However, the inadequate tuning
did cause a negative impact on some aspects of video quality
and video soft -coding performance. These problems were
compounded by an even higher than expected level of
characteristic noise in the 787 source test materials, as
well as one or more types of other unexpected noise which we
believe may also have been present in the source materials.
We believe our coder spent a significant portion of its bit
budget coding this noise, with a resulting negative impact
on picture quality and video soft-coding performance.

Since leaving the test center in late May, we have done
much more careful tuning of the system and have also made a
series of relatively minor modifications and improvements
which in the aggregate have resulted in significantly
improved system performance. The attached document
describes these improvements in detail and attempts to
quantify and evaluate their impact on system performance.
It explains how the improvements have overcome previous
Performance shortfalls and clearly demonstrates that they
have not came at the expense of other important aspects of
system performance.

We are anxious to do all we can to facilitate the
thorough evaluation of our iJlproved system by the Technical
Subgroup, the Special Panel aDd ACATS itself. We would be
pleased to provide any amplification or further explanation
of the improvements and their impact on system performance.
Video tapes of processed video, comparing ATTC-version to
present-version system performance can be provided. Members
of the Technical Subgroup are welcome to visit either zenith
or AT&T Bell Labs and to conduct any experiments they wish
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using our system. In short, we are ready to cooperate in
any approach the Technical Subgroup might devise for
obtaining a fair and thorough evaluation of the improvements
to our system.

As you know, we have been strong advocates of limited
supplemental laboratory testing of the improved ATV systems.
While we are completely open to any other approach for
evaluating illprovements, we continue to believe that much
more reliable a.sessment. will be achieved, to the benefit
of all partie. in the proce•• , if supplemental testing can
be accommodated within the Advisory Committee's approach.
(See my August 13 and October 13 letters to Mr. Wiley.)

We understand that the Technical Subgroup's assessment
of the proponents' system improvements will be an ess.ntial
factor in the Advisory Committee's determination of the need
for and the practicality of further laboratory testing.
We're submitting this description before the November 2
deadline in the hope that a head start by your committee in
evaluating the improvements in at least one of the systems
will help make it possible ultimately to include limited
supplemental testing a. part of your evaluation process.
Along with our description ot improvements, we've included a
revised propo.ed list of supplementary tests as a starting
point for a discussion of exactly what tests would be
required to a.seS8 the improvements and their potential
impact on other aspects of performance.

We urge the Technical Subgroup to accept these
improvements to the Zenith/AT.T DSC-HDTV system for
consideration by the Special Panel and the Advisory
Committee. 'Y so doing, their decisions and recommendations
can be based on the most accurate and up-to-date information
regarding the performance and capabilities of our system.
We further urge the Technical Subgroup to recommend to the
Advisory Committee leadership that limited supplemental
laboratory testing of these improvements be conducted.

Sincerely,

Attachment

cc: R. B. Wiley
Technical Subgroup Members
Other Proponents (on November 2)
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1. Introduction

This document lives a complete and detailed teehnical description of implemented and
planned improvements in the DSC-HD1V, as wen as an assessment of the expected effect

of these chanaes on die performance of the system. AU of the modifications proposed here

for consideration by the Special Panelrepesent improvements in the implementation of the
system as certified by SS-WPI, and do not constitute substantial changes to the system.

The system remains essentially the same as that described in the DSC-HDTV certification

submission dated September 23, 1991.

As discussed in the cover letter to this document, state-of-the-an dilitaJ video compression
teChnology is subject to almost continuous improYemel1t at this stage in its development. In

the case of DSC-HDTV, this expected proaression of improvements has been even more
pronounced, because of delays and difficulties experienced by the Zenith/AT&T team prior

to entty into the test center last February. In Older to enter the test center on schedule, we

had to truncate prematurely the planned inte....tion. tuning and testing of the overall

system.

Despite these problems, our system performed quite wen in most respects. However. the
inadequate tunin. IDd optimizing. of the sysaem did cause a Delative impact on some

aspects of picture quality. These problems were compounded by an even higher than

expected amount ofch8'acteristic noise in the 717 source materials. as wen as one or more
types of other unexpected noise which we believe may also have been in the source

materials. (We would be happy to share OlD' 8IIIIysis of similar, same-vintage materials. or

participate in any effon the Advisory Committee might deem appropriate to analyze the

impact of such noise on the testing process for 787 systems.)

Since leaving the test center in late May, we have done much more careful tuning of the

system, and have also made a number of relatively modest improvements which in the

aggregate have significantly improved system perfonDance. The sophisticated desip of

our state-of-the-art system permits it to benefit areatly from such careful tuning, and we

worked hard to build this kind of flexibility into the prototype hardware and software.

This document describes these improvements in detail and attempts to quantify and evaluate

their impact on system performance. It explains how the improvements have overcome

.,,--, previous shonfalls without compromising other important aspects of system performance.
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Section 2 describes improvements chat ha~ *-Iy been implemented in die system and

that could be evlluated in a propam of supplemental testinl. These improvements include:

• Vertical noise <:orin. in the video source processor
• Improvements to Ihe quantizer vector seJec1Dr codeboolc
• More optimimd choices of quantizers, perceptual weights. scale factors. and

variable length codes

• Use of avariable offset in the digital leak CIlcu1ation

• More dfecti~ error concealment implementation

• Improved buffer control

• Reduced pilot cmier level
• Change in offret~ to eliminue subdued vertical color saipe in co-channel

NTSC receivers. and reoptirnized dispersion. giving a reduced peak-to-average

power ratio

Section 3 describes accions to correct two bantwIre problems in the system which did not

affect the performance of the system in the test center. but were noted in the draft report by

ATIC.

Section 4 summlriza tbae improvements, q.....tifies the effect of each. and demonstrates

the significant overall lain in system performance and results. It also describes the
substantial improvements in soft-codin. performance expected to result from the coding
efficiency gains brought by these improvements.

. Section Sdesaibes improvements that will be implemented beftR the ACA1'5 field testing

planned for early next year. including:

• Spatially adaptive leak to vary the leak value within a frame in the encoder

• Modified adaptive equa1fzer to pennit faster update based on data

Section 6 desaibes further improvements that can be made to the DSC-HDTV system after
field testing.

Section 7 demonstrates how a flexible assipment scheme can be employed in the DSC­

HDTV data frame using headers and descripun to provide desirable services and features

such as the audio and ancillary data services identified in the A1'5C T3/186 document.
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Section 8 contains a cueful analysis of the supplementary tests that would be rcqu~ 10

measure the improvements amdy implemented in the DSC-HDTV system, and to ensure

that such improvements have not come at the expense ofother aspects of performance.

Section 9 includes a summary and conclusions ~prding improvements to the system. It is

followed by an appendix describing two related developments under way for the DSC­
HDTV system: the ability to provide two HDTV pI'OIJ'IIDS over a single 6 MHz cable TV

channel, and the development of a prototype consumer VCR using Super-VHS technology

which can rm>rd and play back the compressed DSC-HDTV data signal.

2. Improvements To Date

This section summarizes improvements already made to the video source processor, the

video coder/decoder and the transmission system (seeFi~ 1). The DSC-HDTV system,

at the time ofA1TC testing, contained:

• many parameters which were not optimIIly chosen, and

• several shortcuts (10 enter the test center on time) which limited its performance, but
which did not change the inherent algorithm that was eenified.

1be.following improvements were'made without changing the basic algorithm, and there

were no changes to the channel data format.' Each of the improvements and its separate

impact on the perfonnance of the coder are first described one at a time. In Section 4, the

overall performance of the system after incorporatin, all the improvements is assessed. At

this time. the trlde-off between picture quality and ttansmission performance is being

readjusted to achieve better soft-coding. Since the results of this trade-off are not
completely in hand. the overall perfonnance improvement in the final system may be
s1ighdy different from the assessment given today.

Figwe 1. DSC-HDTVBloclc Diagram

1
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2.1. Vertical Noise Coring in Video Source

Video coders exploit redundancy in the source imqe. Video source noise tends to mask the

redundancy in the video image and burdens the video coder with uncorrelated information.

One technique used in the DSC-HD1V system 10 ameliorate the effects of low level source
noise is adaptive noise coring. The function of noise coring in the DSC-HDTV system is to

remove low levels of high tiequency noise adaptively. The visual effect of the adaptive

coring used in the DSC-HDTV system is aJlDOIt unnoticeable to the human eye, however:

it mnoves noise to which the encoder might otherwise respond, thereby improving coder

efficiency.

Problem

Only coring of horizontal source noise was employed in the budware delivered for ATIC
testing. VerticaJ noise was not reduced. This remaining souree noise reduced the efficiency

of the coder causin, visible artifacts when coding very noisy source material such as the

7", camera-,.enerated scenes used at ATrC.

Sol"tion lind l.proM.ent

Vertical source noise coring has been added 10 the DSC-HDTV system. By adding venical
coring to the system, the video coder more efficiently codes the "real video" instead of

wasting bits on the noise, and picture quality is improved.

2.2. Coder/Decoder Improvements

2.2.1. Quantizer Vector Selection Codebook

BlIc1c,ro"nd

Discrete Cosine Transform (DCI') coeff"lCiellts Ire either quantized or dropped in the

encoder loop. The majority of the compression is achieved by dropping coefficienu. A

typical ocr quantizer/drop selection pattern is shown in Figure 2. The numbers represent

a quantizer index (out of 7 possible quantizers) and D stands for drop. A pattern is chosen

from the code book which simultaneously minimizes the bit-rate IDd the deviaIion from the
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, allocated picture distortion. For example, most hi,h frequency (lower ri,ht corner) ocr
coefficients are dropped because the picture error can be reached by zeroing these

coefficients.

0,0
or

DCG)(f)(!)(t(t<!>@)@)
O)(f)(!)<tct<!>@)@)
(i)(J)(J)ctctCl><tCl>
(!)o)<I>ct<tCJ<tCP)
(!)Q)(!)<t<t@>{t(9)
(i)(J)ctctct(l)(tCl>
(!)@)(t(t(J<!>@)CP)
@)@)@)<t~@)(!)C!>

Figure 2. Typical Qlltlllliur Selection Paltern

Prol,••,
The old codebook did not contain enough vectors to allow quick correction of small

quantization errors. This resulted in:
• Relatively slow correction of accumulated quantization errors, giving a "twinkle"

effect in still pietw"es.

• Visible block artifacts in:
- high detail still pictures

- pictures with high levels of source noise

- high fJequency zone plates

• Overall reduction in coding efficiency

Solutions

The improved code book has additional vectors which select small subsets of OCT

coefficients for quantization. A typical new selection vector is shown in Filure 3. The

implementation of this change was an update to a table in the encoder and decoder. The

effect of this improvement was to reduce peady any slowly varying chanles to the

quantization error and to provide an overall increase in picture quality due to a reduction in

the number of bits wasted to send coeffICients that were quantized to zero.
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0,0
or

DC o>(!)e~a~(!)~
~@)ct<l>@)<t(§)@)

~@)<t<t(l)<t(§)@)

(!)(!)(9<P>(!)<t(!)~

@)@)(t<P><i>0(§)@)
@)@)<t<P>ct0(§)@)
ct<!»(9CP)(!)(9(!)~

@)@)(!)@)(!)Q)(§)@)
Figure 3. New Type OfSelection Paltern With Smtlll Coverage ofHigh Frequencies Only

I111provelllents

• Removal of "twinkle" in stills
• Removal ofmany block artifacts from hip hquency zone plates

• Gready improved coding of pictures with source noise
• Overall inaase in coding efficiency

2.2.2. Quantlzers, Perceptual Weilhts, Scale Factors, and VLCs

BllckWrou"d

The perceptual weights determine the amount ofquantization error that is allowed for each
coefficient. and a variety of non-uniform quantizers are available to achieve the allowed

error. The scale factors optimize the avenae efficiency of quantization. Variable length

codes (VLCs) are assigned to quantized coefficients. selection vectors and motion vectors

to achieve additional compression.
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,Problems

The quantizers. perceptual wei.hts. and VLCs were not optimally set in the ATIC-tested

system. resultin. in visible artifacts for some coded scenes and siJDificant loss of overall

efficiency. In panicular.
• The combination of suboptimal chrominmce scale factors and quantizers

occasionally resulted in visible artifacts where high chrominance levels were

combined with low luminance values.
• Loss of resolution and busyness in and around areas with saturated colors were

seen.

Sol"tiolls

The following chanles were implemented by modifying the contents of several tables in the

encoder and decoder.

• The perceptual weights were changed to reduce high frequency coeffICient

quantization error.
• Quantizers weft modified to provide a better match with the new perceptual

weipts and selection vector codebook.

• Additional new quantizers were provided for selection by the quantizer vector

selector.

• New variable length codes were generated for the new quantizers and selection
vectors.

• Significant reductiOn in saturated color aniflCts
• Reduction in distortion for typical pictum (at the same bit-rate) by 50%. or

• Increase in proportion of 2-level 5ep1ellt5 (at the same target distortion) by SO'I>
• Reduction in picture distortion for ahip hquency movin. zone plate by afactor

of three.

2.2.3. Leak

Btlckgro""d

The points in the encoder and decoder loops wIleR the leak factor is applied are shown in

Figure 4. The leak factor (referred to in our certification document u DF-Factor) controls
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the amount oforiJinal imaae which is mixed with the displaced frame difference (DFD).

LaIc provides the foIlowinl benefits:

• Quicker recovery from channel errors
• Quicker chlnnel chanae
• Flushes quantization error from encoder loop

• Enables VCR Irick modes

0uantiuI1on...
lalectlon Informaslon

QuantIZation and.----,--.....-...... .....Ion
InformationOU 1on

~ ..t ...

~~ •••~n

~
F,.,.

Ie)

Video In

ENCODER

HDVIdeoOul

DECODER

Fi,lITe 4. Encoder AndDecoder Loops
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. The application of leak usinllimited precision inteler lrilhmedc can cause errors to persist

in the loop. Proper fixes for this so called Itlimit cycle" problem are known in the

literature.•

Due to lack ofpre-test tuftin, time. a suboptimal fix was implemented which added a cyclic

offset to the flame mean value used in the encoder.

• Mean oft'set caused a periodic incrase in the averaae value of the displaced~
difference (DFD) which resulted in teampcnl vlriadon in the DC coefficient eneqy.

• Ovenll codin.eft"JCiency was decreuecL
• Slowly Vll'yiftl Mel periodic chan,. ('1Ialhing") 10 DCcoefficient quandzadon

atOI' were visible in very complex scenes such u moving zone plates and rotating

radial resoludon chans.

• Maximum Jeak was limited to 15/16. forcing use of unity laak (perfect prediction)

for six of seven frames. Thus. leak was applied once in seven frames.

• Periodic leak cycle caused oscilladons in the buffer axacrol system.
• Unc:orrec1ed trIJlImission mors did not decay rapidly. due to application of the

leak factor only once in seven frames.

So'.'I,,,.,

The improved system does not offset the mean but applies a variable offset in the leak

calculation. The leaked value is calculated by shiNn. the original value (dividing by
powers of two) IDd then subttacting this from the oriainal value. The offset is applied to

the shifted value. The sequence of offset values is common to both encoder and decoder.
which are synchronized by a bit in Ihe a10bal data. Thus. leak calculation error is reduced

without adding to the DC coefficient amplitude.
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• Removal of "blathinl" in hi.h frequency zone plate
• At the same lewl of picture distortion, the amount of 2-level data is increased by

.bout~.or

• At the same amount of 2-level data, the pictlft distortion is decreased by about

5O'Il

2.2.4. Error Concealment

B.Ci"OU''''

Error concealment in the DSC-HDTV system is performed by replacin, missin, or

erroneous pixels with the pixels from • previous frame. The compressed video data is
packag~ into segments in preparation for transmission. Each se,ment is provided with

Reed-Solomon forward error correction and modulated uan, 2-level or 4-level sipaling.

The encoder selects important se,ments to be modulated ulin. 2-level sipaJin,. since they

are received more reliably. In the decoder, a Jiven seJlDCnt is assumed to be entirely
COITeCt or entirely erroneous as indicated by the enor correction system. A lost seament
affects one or I11tR sikes (64H x 48V bloclcs).

Probl~""

Due to lack of pre-test tunin. time, the method for pixel replacement in the AlTC-tested

system wu simply to zero the erroneous OCT coefficients and use the motion WlCtOrS from
a previous frame if they were also in error. For example, if the leak was 15/16, the

replacement pixels in the AlTC-tested system were attenuated to 15/16th of their 0J'i&inal
values. However, exact pixel replacement requires unity leale to avoid attenuatin, the

replacement pixels.

• The visual effect ofpixel attenuation in the old system is • radin, to pay durinJ
heavy channel impainnents.

Solution

• The lealc is set to one for any 16 x 16 pixel block which was replaced in the decoder
loop
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• Excellent error concealment for virtually III stills

• Oood enol' concealment for III video when mocion estimates are load

• Provides much more usable pictures when aD 4-level dIra is lost

2.2.5. Burrer Control

The buffer control IlleS the buffer fullness IDd complexity of the current frame to compute.
the allowed distortion for the CUJTeftt frame. This- computation is done only in the encoder.

A buffer fullness level is sent to the decoder to synchronize its buffer to the encoder. Scene
changes are also detected and, for scene-chan.ed frames, the allowed distonion is

increased to prevent buffer overflow. This increased distortion is not perceptually visible.

Probl.".,

• Improper choice of scene chanae panmeters caused some scene chanlel to take
several frames to settle to full quality

• The buffer COI'ltIOI in the AlTC-1IeS1Ild system hid to operate under additional

constraints due to two decoder inefficiencies:

- A lower limit on the number of bits which could be used to code a particular

HDfnmc

- A lower limit on the maximum buffer fullness level

These constraints adversely affected difficult scene chanlel and caused visible

distortion on some pictures.

• The decoder did not use the buffer fullness level, causing delay between audio and
video to be variable.

Solutiolls

• Better cboice mbuffer conll'01 parametas

• 1Daeasin. the efIiciency of the decoder hlftlWIle
• Conttollinl the !dative delay between the audio and video display to be within one

frame time by use of the encoder buffer fullness value in the decoder
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• Scene chanps now settle imperceptibly

• Taraet distortion is stable

• Audio and video delay are constant and equal

2.3. Transmission System Improvements

This section describes improvements made to the Transmission System (see FiI'R 1).

2.3.1. Reduetlon In Pilot Level

In order to achieve maximum robustness, the DSC-HDTV silna! utilizes a pilot carrier

located at approximately 345 kHz from the lower bud edae. The pilot serves as a

reference on which the cmier recovery loop can lock and hold even in heavily impaired

conditions. With the pilot, the CllTier recovery loop ho1ds lock even throulh fades and

other causes of data loss. The pilot makes the DSC-HDTV carrier recovery insensitive to

posts, noise and intaference. The benefit of the pilot comes at the expense of sliptly

more power and potentially more upper-Idjlcent intaference into NTSC. Co-channel

interference into NTSC is not a problem because the pilot sits very far down on the

vestiJial sideband filter of the NTSC receiver Ind its interference contribution is nellilible

compared to the leSt d the ATV signal.

PrDbl,,,,

Durinl internal testinl of the DSC-HDTV system, it was found that the pilot level was

unnecessarily bllh and was lowered for the 2-ievel (WI) data prior to ATIC testinl, as
documented in the 2/25192 letter to Birney Dayton, Chairman SS/WPl. Even with the

documented chanp, the pilot was still suspected to be unnecessarily sttonl, but lime

pressures ~Iuded funher testinl and refinement before delivery of the hardware.for

ATIC testing on 2/10192.
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, The pilot causes slighdy more upper Idjacent interference into NTSC at the moderate and

weak levels compared to systems without a pilot. The excessively high pilot level also

contributes to unnecessuy signal power.

Funher -dna shows that the pilot can be lowered 1ft Iddidonal 3 dB, for both WI and W2

data, without any detrimental effects to sYstem performance. In fact. the carrier recovery

loop hid a 16 dB excess IDIIJin over the rec:overy of reliable data. The reduction ofpilot

power by 3 dB still maintains 13 dB excess ....... for the carrier recovery loop while at .

the same time lowering the DSC-HDTV powa" and impIoving upper adjacent interference

into NTSC. The pilot reduction of 3 dB will improve upper adjacent performance into

NTSC by 3 - 6 dB. This will vary among individual NTSC receivers, depending on the

interference mechanisms in each.

1.3.1. Chanle In Offset Frequency An. DJ.penJon

Backlfound

DSC-HDTV nnsmits data in an, "NTSC-like" data frame. Data is packetized and

transmitted in segments couresponding to the NTSC line time. For synchronization, a fixed

"segment sync" is transmitted at the beJinniDg of every segment. The sepnent sync

provides reliable data seament timinl recovery even under heavy impairments. An

additional benefit of the Ieament sync is that by providing reliable seament timiDg

infonnation, the complexity of other pans of the receiver is reduced (e.g. vertical sync

recovery). Since the seament sync is transmitted .t an NTSC line rate, it causes fixed

pattern interference into an NTSC co-channel. This fixed pattern interference can show up
in luminance and/or chroma.

Luminance interference into the NTSC co-channeI hID the seament sYRC is visible only It

very high levels of impairmenL Actually, since the seament sync is transmitted using the

lower power 2~1eve1 data. the interference .".... ... "clean" area where there is less

interference compared to surrounding areas with noise-like interference. It isn't until very
high levels of interference th.t a "character" of the sqment sYRC interference appears. In

the DSC-HDTV system, the visibility of this "clean" area is minimized by usinl time

dispersion at the transmitter. Time dispersion chanles the phase relationship of the
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Ulnsmitted signal and causes smroundin. dati pulses to be mixed into the fixed segment

sync, thereby randomizin. its co-channel inaerference visibility. Dispersion is simply

accomplished with, a linear filter with flat mqnitude response and non-linear phase

mponse. At the receiver, thein~ ruler is used.

. Problems And ManlfestaUons

• By Ranft of lISt minute chanps to the ..,ment sync chosen (see 2flS192 letter to

Birney Dayton), and the precise offJet claolen durinl ATIC Ieslinl, co-channel

chroma interference showed up as ...bdued venical color suipe in the NTSC .

receivers.

• The dispenion used in the DSC-HDTV system (or Iesting was optimized for the

segment sync before the changes in the 2125192 lener. Since the dispersion was

implemented in the SAW filters, there was no time to ze-optimize it before A1TC

Iestina. As a result, the dispenion used for testing did not help in "hiding" the

luminance interference caused by the .JlDlllt sync. In addition, we have found
that dispersion increased the pealt-to-averaae ratio of the DSC-HDTV sipal by

approximately 1.5 dB.

Solutions and Improvement

We propose an Iddidonal 30 Hz offset in the trlftSmitter carrier frequency to eliminate the

vertical color sUipe by pullinl it into the "FukiDuti hole". This method was born out ina

test (4fOSS) conducted at the ATrC where the iaterference during the normal 30 Hz offset

test was raised and the c:olor stripe disappemd. The expert observers of this test described

the effect as Ha sipificant improvement to the Test 16 co-channel standant".

As an improvement, the dispenion hu been reaptimized. This win not sipificllldy

chanae the <XH:bannel interi'aence visibility into NI'SC and wiD reduce the peak-to-averIF

power ntio by1.5 dB.
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3. DSC·HDTV Prototype Hardware Problems.

In Iddition to the improvements desa'ibed above, the system tested at the ATIC suft'erai

from two implemenlltion problems. Both of these problems are menlioned in the ATIC
report on DSC-HDlV, but they did not dect the performance ofDSC-HDTV in the test

center.

3.1. Slice Problem

The first problem wu an occasional limine fault in the compressed video data deformaner

which resulted in undetected errors in the decodin. process for a liven slice (64H x 48V

pixel block). The decoder was unable to deteCt the error and therefore was unable to

perfonn error concealmenL These errors were also not predicted in the encoder loop which

caused them to penist for several frames. The frequency of these "slice erron" ranpd

from one in several days, to a few per minute. Our work durina the past several months

has nmowed the problem down to a small section of the decoder, and reduced the

frequency of the errors. A complete flX is not yet in hand, however, we expect to be able

to comet this problem completely bereft November IS.

3.2. Half·Pel Problem

The other hardw~ problem affected the motion ellimator durin. scenes with very hi.h

spatial frequency content. The calculation of block matehin. enor on such scenes (e••.,

high frequency zone plates) caused some error values to exceed the maximum value in an

accumulator. This overflow condition in tum caused erroneous motion vectors to be

computed for several 32Hx16V block positions in the scene. This problem was overcome

by filtering the input to the motion estimator.
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4. Summary and Quantincatlon of Improvements

The following tables summarize the improvements and describe the effect of each
improvement on the performance of the DSC-HDTV system:

IMPROVEMENTPROBLEM EFFECT ON
PERFORMANCE

t:'r;~le1iimSts 5S---t;)rtl3ine;";;C;;;-;;;;~~rc;';;;;;--iIoiiiIoiiiiii"""'--"'"

tor

• ane
imperceptibly

•

er•

•

• pII'II'DIeer IlltinJS or •
robust seJlMDl Jelection to maintlin a usable picture
aI aitbm reduced • factor eX2

transmission for mocion
scenes

• raponse on lOme
cWficuIt scene chan~s, e.,.,
flat fteId to high detail still or
zone plate

• ate use

Table 1. Summary of Improvements
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•

E ECT N
PERFORMANCE

ana ICtI
-Picture distortion reduced by
5()CI,. or

-Amount of2-"1 cbanne1
data iDcreue by 50'1

-For SlIDe amount tX source
noise, picture distortion .oes
down or bit-nee lOll down.
or for IIIDI diIIanioD and bit­
me the aoIenbIe IIIIOUIlt of
IIIDSIDiIIion noise

- pper nt ••-
ference into NTSC reduced by
3-6 dB
-E1iminlae unneces.-y sipal

1M

--

-

PROBL M

on
Co-channel into NTSC

• u ..pe
Oft co-channeI into NTSC

Table 1. Summary of Improvements (Cont'd)

Bued on the above improvements. a series of tests wu run to quantify the overall

improvement in the system. Table 2 and Fipre 5 present the results of these

mea5UIaIleIlts. As indicated in Section 2. we lie currently optimizin. the trade-off between

picnue quality and transmission performance for optimum soft-codin•. After such a tnde­

off is completed. the precise improvement numbers may be sli.htly different. However. for
Ihe indicated number of binary segments. the following improvement numbers are accurate.
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ITEM

cene chanle

ATTC­
VERSION

o

IMPROV D
VEltSION

5 to recover y

- on
N2 - • of 2-level sepnents

N2-3S

sequence)

xcomputer an

II motIOn camera scene

I motion camera scene

Overall quality

Table 2. Quantincation of Improvements
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IMPROVED
VERSION

ATTC·
VERSION

noise

ITEM

r
• wer

• - o-.vera rat

Error concealment

Note: The 1DIaI .....01 in ar.-. 1ilMc.ad.,., 120.. 2«).~an"
hction is 2-1ew1 1be lnaximuln 01"" _ (N2) could be 120. If, for
eumple,lhe IHIIIIber or binary ......... 40 160 IeveI....-u will be available. TD is
the picture cIiIIoftiaD. II illbe subjecliwly weiJIt.d emJI'~ codecllllCl uncoded
picture. It is not always aperfect indianioD 01picIn .....,.l*Iicullrly if there is I peculiar
visible codin.1II6ct ....t in the picIuIe. Par AIIIIfIe.1he IIilI scene IIApple" hid I "twinkle" in
the Anc..- coder, and therefCR perfamMNI ,..ty in 1M_icy I'DIISIftIMIIl ofFipre S, ewn
Iboup its TO was not much different from .... adUeved by the improved coder.

Table 2. Quantification of Improvements (Cont'd)
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au.lIly
Difference
SCore ,

I \
I \

•• AnC-t_ted cocw

•• Hew coder

304-__-+-_"'- .. _

\
\

\

I

II
"I ..

I ,
I ,

20 ......------'_--------.,.-.-----...--..-.-/, /

•/

•10 ......--~- ....----....,tI_----.....--~-- .....-.......

I JIi JrIf JI Ji J' Ii i I
i i I( I I I I
, ,II I I I

-
Note: This gfllPh by "idormll" ""IClIve ...... TIne expert obIervet'Iwere

used. Coded from 1he ATTe-........,Md ... new coder were If
compared to reference (unoodecI m pIcIure) nI cIIerencea In quaIIy .....
..,. pIo~. The ICCnI .,. on ..... of 0 to 100.......r to one used ." ATEL A
difference of 20 In score corresponds approximately to one point on • tlve-polnt
comment scale.

Figure 5. Basic Picture Quality Improvement


